INTRODUCTION
============

Obesity is a serious and growing worldwide health challenge associated with type 2 diabetes mellitus (T2DM), cardiovascular disease, osteoarthritis, certain types of cancers, sleep apnea, asthma, and nonalcoholic fatty liver. The primary goals of obesity treatment are to improve obesity-related comorbid conditions and reduce the risk of developing future comorbidities. Lifestyle modification is fundamental for weight loss, but only results in limited weight loss and most patients regain at least some of the weight lost after 12 months.[@ref1] In the United States (U.S.), adjuvant anti-obesity medications should be considered for patients with a body mass index (BMI) ≥30 kg/m^2^ or for patients with BMI ≥27 kg/m^2^ who have concomitant obesity-related diseases and for whom dietary and physical therapy has not been successful.[@ref2] However, the Asia-Pacific World Health Organization recommendations suggest that antiobesity drugs should be considered when BMI is ≥25 kg/m^2^, or ≥23 kg/m^2^ with associated comorbidities, in Asians.[@ref3] The Korean Society for the Study of Obesity recommends that pharmacotherapy for obesity should be considered when intensive lifestyle modifications fail to result in weight loss in obese patients with BMI ≥25 kg/m^2^ ([Fig. 1](#F1){ref-type="fig"}).[@ref4]

Drugs have been used since the 1930s to conquer obesity, but due to serious side effects, most of the drugs used in the past are no longer in use.[@ref5] The agents involved include dinitrophenol, aminorex, the fenfluramine, phenylpropanolamine, and, most recently, rimonabant. Other drugs such as the amphetamine is severely restricted due to their potential for abuse.[@ref5] Rare examples are fenfluramine, dexfenfluramine, and fenfluramine-phentermine, which dominated the obesity market during the 1980s and 1990s as appetite suppressants.[@ref6] In 1997, the U.S. Food and Drug Administration (FDA) recalled the products. The drugs currently used to treat obesity in Korea are shown in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Among them, the anti- obesity medications available for long-term treatment include orlistat, lorcaserin, a naltrexone/bupropion extended-release (ER), and liraglutide (3 mg). Phentermine/topiramate ER was approved by the U.S. FDA in 2012 for the treatment of obesity and is also currently available in Korea. In this paper, we provide an overview of the anti-obesity medications currently available for long-term treatment.

PHARMACOTHERAPIES FOR OBESITY
=============================

Orlistat
--------

Orlistat is a drug for the treatment of obesity that was released in 2001 and has been proven to be safe. Orlistat causes weight loss by inhibiting lipase from the mucous membranes of the stomach and small intestine, preventing triglycerides from being broken down into fatty acids, and absorbed into the intestine.[@ref7],[@ref8] Taken at a therapeutic dose of 120 mg tid (three times a day), orlistat inhibits the absorption of triglycerides in the intestine by about 30%, resulting in more weight loss than fat-restricted meals and helping to improve various metabolic conditions.[@ref9],[@ref10] After discontinuation of the drug, the fecal fat content usually returns to normal within 48--72 hours.

In a long-term study using orlistat (Xenical in the prevention of diabetes in obese subjects \[XENDOS\]), the weight loss rate was about 5% higher than in the placebo group (11% decrease vs. 6% decrease) ([Table 3](#T3){ref-type="table"}) and significant weight loss was maintained when compared to the placebo group four years later (6.9% decrease vs. 4.1% decrease) ([Fig. 2](#F2){ref-type="fig"}).[@ref11] In addition, the progression from impaired glucose tolerance to T2DM decreased by 37% when the medication was taken for 4 years.[@ref11] In a meta-analysis of 30 placebo- controlled studies, orlistat reduced weight by 2.9 kg (95% confidence interval, 2.5--3.2 kg) compared to the placebo.[@ref12] Patients receiving active drug treatment were significantly more likely to achieve 5% and 10% weight-loss thresholds. Orlistat reduced the incidence of T2DM, and decreased blood pressure (BP) and the concentrations of total cholesterol, and improved glycemic control in patients with T2DM.[@ref13]

Many studies have proven that orlistat has no systemic side effects and most side effects are limited to the gastrointestinal system.[@ref14] Over 2 years of treatment, more than 20% of the patients complained of side effects that included stool incontinence, oily spotting, and fatty stools ([Table 2](#T2){ref-type="table"}).[@ref14]

Lorcaserin
----------

Lorcaserin is a highly selective 5-hydroxytryptamine (HT) 2C receptor agonist.[@ref24] By activating the 5-HT2C receptor, lorcaserin decreases the energy intake through the pro-opiomelanocortin (POMC) system. Two other serotonergic agents (fenfluramine and dexfenfluramine) were removed from the market due to druginduced valvulopathy as the result of agonism at the 5-HT2B receptor subtype.

Three randomized, placebo-controlled, double-blind trials for the efficacy and safety of lorcaserin have been conducted.[@ref15][@ref16]-[@ref17] In the behavioral modification and lorcaserin for overweight and obesity management (BLOOM) study, participants in the lorcaserin group lost 5.8 kg and those in the placebo group lost 2.2 kg ([Fig. 2](#F2){ref-type="fig"}).[@ref15] The behavioral modification and lorcaserin for overweight and obesity management in diabetes mellitus (BLOOM-DM) study,[@ref17] which consisted only of only 604 patients with T2DM, was a 1-year clinical study. A weight loss of more than 5% was achieved by 37.5% of the patients treated with lorcaserin bid (twice a day), more than twice as much as the 16.1% in the placebo group ([Table 3](#T3){ref-type="table"}). The behavioral modification and lorcaserin second study for obesity management behavior (BLOSSOM) study was a large randomized, placebo-controlled, double-blind, parallel-arm trial of 4,008 obese or overweight patients to investigate weight loss. A total of 2,224 people (55.5%) have completed the 1-year trial. The participants were randomized into three groups: lorcaserin 10 mg bid, lorcaserin qd (once a day), and placebo. The percentage of patients who successfully achieved at least 5% weight loss was significantly higher in the lorcaserin group (bid, 47.2%; qd, 40.2%) than in the control group (25%; *P*\<0.001) ([Table 3](#T3){ref-type="table"}).[@ref16]

In 2018, the results of a study were released on the effects of lorcaserin and cardiovascular stability (cardiovascular and metabolic effects of lorcaserin in overweight and obese patients--thrombolysis in myocardial infarction 61 \[CAMELLIA--TIMI 61\] study) on 12,000 patients with atherosclerotic cardiovascular disease or obesity with multiple cardiovascular risk factors (BMI \>30 kg/m^2^) or were overweight (BMI \>27 kg/m^2^). During the 3.3-year follow-up period, the annual incidence of major adverse cardiovascular events was similar at 2.1% in the placebo group and 2.0% in the lorcaserin group.[@ref25]

The most common adverse events were headache, dizziness, and nausea.[@ref16],[@ref17] No adverse effects were found in the echocardiographic analysis of patients in the BLOOM-DM study.[@ref17] Although not observed in patients taking lorcaserin alone, the occurrence of serotonin syndrome or neuroleptic malignant syndrome, which may occur in conjunction with other serotonin agonists or in combination with anti-dopaminergic agents, should be monitored ([Table 2](#T2){ref-type="table"}).

In February 2020, the U.S. FDA asked the manufacturer of lorcaserin to voluntarily withdraw the weight-loss drug from the U.S. market because clinical trial showed an increased risk of cancer.[@ref26] In the randomized, double-blind, placebo-controlled clinical trial to evaluate the risk of cardiovascular problems (CAMELLIA--TIMI 61 study), more patients taking lorcaserin (n=462; 7.7%) were diagnosed with cancer compared to those taking a placebo (n=423; 7.1%). The trial was conducted in 12,000 patients over 5 years. A range of cancer types was reported, with several different types of cancers occurring more frequently in the lorcaserin group, including pancreatic, colorectal, and lung cancers.[@ref26] As a result, lorcaserin was voluntarily withdrawn from the Korean market.

Naltrexone/bupropion ER
-----------------------

Naltrexone/bupropion ER is a combination of drugs with two different mechanisms. Naltrexone is a drug used to treat addiction and alcoholism. Bupropion is an antidepressant and a drug used for the cessation of smoking. Bupropion is an antidepressant that inhibits the reabsorption of dopamine and norepinephrine, resulting in decreased food intake and weight loss through action in the hypothalamic POMC neurons. However, POMC is self-inhibited by endogenous opioids, which reduce the appetite suppression effect of bupropion. In combination with the opioid antagonist naltrexone, POMC activation by bupropion can enhance the appetite suppression effect by increasing POMC activation.[@ref27] Naltrexone has a different mechanism for weight reduction. The opioid receptor antagonist, naltrexone, is known to reduce hedonic feeding through m-opioid receptors (MORs).[@ref28] Endogenous opioids and MORs are important in the mechanism of appetite control and hedonic eating, consumption, and orosensory reward processes.[@ref29] In September 2014, the U.S. FDA approved the use of the drug for more than 6 months to treat obesity.

Four large-scale randomized, double-blind, controlled studies (Contrave obesity research (COR)-I, COR-II, the COR-intensive behavior modification study \[COR-BMOD\], and COR-Diabetes) compared a naltrexone-bupropion group to a control group for 1 year in obese or overweight patients (BMI ≥27 kg/m^2^) with one or more metabolic comorbidities.[@ref18][@ref19]-[@ref20],[@ref30] The COR-I study showed a 6.1% weight loss in the naltrexone/bupropion 32 mg/360 mg group and a 5.0% weight loss in the naltrexone/bupropion 16 mg/360 mg group ([Table 3](#T3){ref-type="table"}). In contrast, the placebo group showed a 1.3% weight loss. In addition, the rate of weight loss of more than 5% was significantly higher in the naltrexone/bupropion 32 mg/360 mg group (48%) and in the naltrexone/bupropion 16 mg/360 mg group (39%) than that of the placebo group (17%).[@ref18] In the COR-II study, of 1,496 people with BMIs over 30 kg/m^2^ or BMIs over 27 kg/m^2^ and higher risk, the naltrexone/bupropion 32 mg/360 mg group had a higher weight loss rate than the placebo group (--6.4% vs. --1.2%) ([Fig. 2](#F2){ref-type="fig"}). In addition, the weight loss rate of 5% or more was significantly higher in the naltrexone/bupropion 32 mg/360 mg group than in the placebo group (50.5% vs. 17.1%) and the cardiovascular metabolic parameters were significantly improved ([Table 3](#T3){ref-type="table"}).[@ref19] All COR clinical studies have shown improved lipid concentrations and insulin resistance.[@ref18][@ref19]-[@ref20],[@ref30] Compared to the placebo group, the naltrexone-bupropion group not only reduced appetite and weight loss but also reduced food cravings, even when full.[@ref18] All antidepressants contain warnings of suicide. The fact that bupropion is used for depression and the cessation of smoking is of concern, but phase 3 studies of long-term weight control showed no suicide attempts. However, these tended to increase in patients younger than 24 years. In addition, seizures occurred in approximately 1 of 1,000 patients in studies using bupropion in combination with other drugs. Bupropion may lower seizure threshold and is contraindicated in patients with a history of seizures, which are more likely to occur in people with eating disorders, in alcohol withdrawal, and drug users. Bupropion should not be used in patients with uncontrolled hypertension, as it can increase pulse and BP within the first three months of treatment. In drug interactions, bupropion is metabolized by CYP2B6, which can increase the efficacy of bupropion in patients taking ticlopidine or clopidogrel. In addition, bupropion inhibits the CYP2D6 pathway, which may increase the efficacy of antidepressants, antipsychotics, beta-blockers, and type 1C arrhythmia medications ([Table 2](#T2){ref-type="table"}).[@ref31] Nausea and vomiting have been reported as major side effects of naltrexone, but in most cases, they are tolerated and tend to disappear over time. To prevent these side effects, the dose can be gradually increased. Like many of the available anti-obesity medications, naltrexone/bupropion ER increases heart rate. Because of the increase in heart rate ([Table 2](#T2){ref-type="table"}), the U.S. FDA required a cardiovascular outcome trial. However, a planned interim analysis was inappropriately released to the public in 2015, when the trial was still ongoing, so the study was terminated early.[@ref32] The non-inferiority of cardiovascular safety cannot be evaluated because of the early termination of the trial. Accordingly, the cardiovascular safety of naltrexone/bupropion ER remains uncertain and will require a new cardiovascular outcome trial.

Liraglutide (3 mg)
------------------

Liraglutide is a drug that acts on the glucagon-like peptide-1 (GLP-1) receptor and is already being used to treat T2DM. GLP-1 is a physiological modulator of appetite that increases satiety and reduces food intake. Liraglutide binds to GLP-1 receptors of the arcuate nucleus in the hypothalamus and directly activates POMC/ cocaine- and amphetamine-regulated transcript neurons.[@ref33] It promotes satiety and also inhibits neuropeptide Y/agouti-related protein neurons that cause fasting.[@ref33] As a result, liraglutide decreases food intake through appetite suppression, resulting in weight loss. Liraglutide (Victoza), developed for the treatment of T2DM, is available in 1.2 mg or 1.8 mg formulations. However, liraglutide in a 3 mg formulation (Saxenda) was approved by the U.S. FDA in December 2014 for weight loss.

Four randomized, placebo-controlled, double-blind trials investigated the efficacy and safety of liraglutide 3 mg for obesity management. [@ref21],[@ref34][@ref35]-[@ref36] The participants were randomized to receive liraglutide (3.0 mg sc daily) or placebo for initial weight loss in the satiety and clinical adiposity--liraglutide (SCALE; patients without diabetes) and SCALE Diabetes (patients with diabetes) trials or weight maintenance after initial weight loss (SCALE Maintenance) ([Table 3](#T3){ref-type="table"}). The SCALE Obesity and Prediabetes study, published in 2015, was a 56-week study in 3,731 patients with no T2DM, BMIs ≥30 kg/m^2^ or 27 kg/m^2^, and hypertension or dyslipidemia. In the liraglutide group, an average weight loss of 8.4 kg was observed. Weight loss of more than 10% was significantly superior in the liraglutide group at 33.1% compared to the placebo group at 10.6% ([Fig. 2](#F2){ref-type="fig"}).[@ref34]

The liraglutide effect and action in diabetes: evaluation of cardiovascular outcome results (LEADER) trial assessed the long-term effects of liraglutide (1.8 mg) on cardiovascular outcomes and other clinically important events in diabetic patients.[@ref37] The LEADER trial was not designed for obesity management. A total of 9,340 diabetic patients were randomly assigned to the liraglutide group or the placebo group. During the mean follow-up period of 3.8 years, cardiovascular disease, myocardial infarctions, and cerebral infarction deaths were significantly less in the liraglutide group (13% vs. 14.9%), and cardiovascular mortality was significantly less in the liraglutide group (4.7% vs. 6.0%).[@ref37] The main side effect was nausea, which was reported to be the highest after four weeks, the time when the first 3.0 mg dose was administered after the 0.6 mg dose, and decreased gradually thereafter. Other side effects included diarrhea, constipation, decreased appetite, and the risk of pancreatitis. There is a concern that the use of incretin preparations is associated with pancreatitis. However, it is difficult to determine the causal relationship between liraglutide administration and pancreatitis.[@ref38] Studies of liraglutide in rodents have resulted in C-cell cancer of the thyroid gland[@ref39] because liraglutide stimulates the GLP-1 receptor on thyroid C cells. For this reason, in many phase III clinical trials, the serum calcitonin concentrations of the participants were measured using assays with high sensitivity and specificity for C-cell pathology. When the participants were administered up to 3.0 mg of liraglutide daily for up to 2 years, the researchers concluded that there was no evidence that liraglutide stimulates calcitonin secretion in human C cells.[@ref40] However, it should not be used in patients with a history of or suspected of having a high risk for medullary thyroid cancer or multiple endocrine adenomas ([Table 2](#T2){ref-type="table"}).

Phentermine/topiramate ER combination
-------------------------------------

Phentermine/topiramate ER is a combination of a traditional short-term appetite suppressant (phentermine) and a long-acting neurotherapeutic drug (topiramate). Phentermine/topiramate ER was approved by the U.S. FDA in 2012 and also is currently available in Korea. Phentermine is a drug that suppresses the appetite by increasing norepinephrine secretion in the hypothalamus and is approved for the short-term treatment of obesity. Topiramate is a drug used to treat epilepsy and prevent migraines. Although clinical studies have shown that topiramate itself has a weight loss effect, it is not clear which drug mechanism induces weight loss.[@ref41] Topiramate is thought to cause weight loss by increasing energy consumption, reduced calorie intake, and taste disorders. Topiramate has many neurological side effects when administered in sufficient doses to induce weight loss. Similarly, phentermine also increases weight loss, but with more side effects. This has led to the development of a combination therapy that combines phentermine and topiramate at low doses with low side effects.

The EQUIP study was undertaken to evaluate the safety and efficacy of phentermine and topiramate ER for weight loss and metabolic improvements.[@ref41] Men and women with class II and III obesity (BMI ≥35 kg/m^2^) were randomized to placebo, phentermine/ topiramate ER 3.75/23 mg or phentermine/topiramate ER 15/92 mg added to a reduced-energy diet. The patients in the placebo, 3.75/23 mg, and 15/92 mg groups lost 1.6%, 5.1%, and 10.9% of their baseline body weight, respectively, at 56 weeks ([Fig. 2](#F2){ref-type="fig"}). In the study, 17.3% of the placebo patients, 44.9% of the 3.75/23 mg patients and 66.7% of the 15/92 mg patients lost at least 5% of their baseline body weight at 56 weeks ([Table 3](#T3){ref-type="table"}). The phentermine/ topiramate ER 15/92 mg group had significantly greater changes in systolic and diastolic BP, fasting glucose, and lipid profiles compared to the placebo group.[@ref22]

The effects of low-dose, controlled-release, phentermine plus topiramate combination on weight and associated comorbidities in overweight and obese adults (CONQUER) study[@ref23] included the largest number of patients and was extended to the two-year sustained weight loss and metabolic benefits with controlled-release phentermine/topiramate in obese and overweight adults (SEQUEL) study.[@ref42] This was a large-scale phase III clinical study that involved 2,487 people (aged 18--70 years) of all ages at 93 research centers in the United States. All patients had a BMI of 27--45 kg/m^2^ and had two or more metabolic comorbidities (hypertension, hyperlipidemia, T2DM or pre-stage T2DM, and obesity). They were randomized to the placebo group at a 2:1:2 ratio and given phentermine/ topiramate 7.5/46.0 mg or phentermine/topiramate 15.0/ 92.0 mg, once daily. Weight loss at the end of the 56-week study was --1.4 kg, --8.1 kg, and --10.2 kg in the placebo, 7.5/46.0 mg, and 15.0/92.0 mg groups, respectively ([Fig. 2](#F2){ref-type="fig"}). The number of patients that achieved a weight loss of 5% or more was 204 (21%), 303 (62%), and 687 (70%) patients in the placebo, 7.5/46.0 mg, and 15.0/92.0 mg groups, respectively, demonstrating very effective results ([Table 3](#T3){ref-type="table"}). The most common side effect was dry mouth with other side effects, i.e., paresthesia, constipation, insomnia, dizziness, and dysgeusia.

The SEQUEL study was designed to extend the CONQUER study to investigate the effects of treatment for a total of 108 weeks. Of the 676 subjects, those who completed this period had a high completion rate of 84% and there were no significant differences among the three groups. Patients in the phentermine/topiramate ER group showed improvement in cardiovascular variables, i.e., BP, triglyceride, high-density lipoprotein-cholesterol, low-density lipoprotein- cholesterol, and metabolic syndrome variables, e.g., glycosylated hemoglobin. The incidence of T2DM was reduced compared to the placebo group. A reduction in adverse events was reported at 56--108 weeks, compared to weeks 0--56 and 56--108.

Phentermine/topiramate ER is the most effective anti-obesity drug available.[@ref43] Side effects related to depression and cognition were not a major problem in recent clinical studies. Phentermine can activate the sympathetic nervous system and is not recommended for patients with a history of cardiovascular disease. Topiramate must be administered with caution because of its relationship to metabolic acidosis, especially in patients with kidney stones. In rare cases, acute glaucoma has been reported as an idiopathic reaction, so it is necessary to stop the drug immediately. The main concern is the risk of oral clefts in infants that may result from exposure to topiramate in utero.[@ref44] Women of childbearing age taking the drug are urged to use effective contraception ([Table 2](#T2){ref-type="table"}).

INDIVIDUALIZED TREATMENT: WHICH DRUGS FOR WHICH PATIENT?
========================================================

Type 2 diabetes mellitus
------------------------

Currently available anti-obesity medications can be used according to the characteristics of each patient if there is no contraindication in diabetic patients.[@ref45] However, sympathomimetic agents should be avoided in diabetic patients with cardiovascular disease or uncontrolled hypertension. Liraglutide has been developed as a treatment for T2DM, so it is excellent for improving hyperglycemia in obese patients with T2DM. If obese patients with T2DM are willing to receive a subcutaneous injection, liraglutide may be a priority for weight control.

Chronic kidney disease
----------------------

Most anti-obesity medications should not be used in patients with end-stage renal disease. However, orlistat and liraglutide can be used carefully in some patients. Naltrexone/bupropion ER or phentermine/topiramate ER is not recommended in patients with severe renal impairment (\<30 mL/min). Orlistat is not recommended due to the risk of oxalate nephropathy. Liraglutide (3 mg) has to be discontinued if dehydration occurs due to vomiting or diarrhea.[@ref45]

Hepatic impairment
------------------

All anti-obesity medications should not be used in patients with severe hepatic impairment (Child-Pugh score \>9). However, some anti-obesity medications can be used for patients with moderate hepatic impairment after dose adjustment. For patients with moderate hepatic impairment, a one tablet dose of naltrexone/bupropion ER (8 mg/90 mg) is recommended, and a dose of 7.5 mg/46 mg phentermine/topiramate ER is recommended daily.[@ref45]

Hypertension
------------

Orlistat, phentermine/topiramate ER, and liraglutide can be used in patients with hypertension. However, liraglutide (3 mg) and phentermine/topiramate ER can increase heart rate, so heart rate should be monitored as a precaution in patients receiving these medications. Naltrexone/bupropion ER should be avoided in patients with hypertension and this medication is contraindicated in patients with uncontrolled hypertension.[@ref45]

Cardiovascular disease and cardiac arrhythmia
---------------------------------------------

In patients with established atherosclerotic cardiovascular disease, orlistat, and liraglutide (3 mg) are recommended. Phentermine/ topiramate ER and naltrexone/bupropion ER can be used with the careful monitoring of heart rate and BP. Orlistat is a very safe anti-obesity medication in patients with a history of cardiac arrhythmia. Naltrexone/bupropion ER, liraglutide, and phentermine/ topiramate ER are not contraindicated but have to be used carefully including monitoring of heart rate and cardiac rhythm.[@ref45]

Depression and anxiety
----------------------

Orlistat, liraglutide (3 mg), and phentermine/topiramate ER (low dose) may be used in patients with depression. Naltrexone/ bupropion ER should be used carefully in patients with depression. In particular, as with other antidepressants, naltrexone/bupropion ER may increase the risk of suicide. However, these medications should be avoided if patients are taking other antidepressants. In patients with anxiety disorders, phentermine/topiramate ER is not contraindicated, but a high dose of phentermine/topiramate ER should be used with caution.[@ref45]

Seizure disorder
----------------

Phentermine/topiramate ER, liraglutide, and orlistat can be used in patients with a history of or at risk of seizure disorder. Naltrexone/ bupropion ER should be avoided in these patients.[@ref45]

CONCLUSION
==========

Obesity is a serious and growing health problem around the world. In clinical care, a focus on lifestyle changes in obese patients is the most practical treatment strategy. There are now several antiobesity medications, however, these drugs are not widely prescribed. The reasons might be the result of adverse events associated with older drugs and perhaps because of the unwillingness of many physicians. We reviewed the anti-obesity medications currently available for long-term treatment. The U.S. FDA asked the manufacturer to voluntary withdraw the weight-loss drug lorcaserin from the market due to its association with an increased risk of cancer. Orlistat, liraglutide (3 mg), naltrexone/bupropion ER, and phentermine/topiramate ER are well-tolerated and safe. The common side effects for these drugs are well known and can be prevented and controlled by appropriate dose. These drugs have been reported to be helpful in the management of metabolic diseases, as well as weight loss, but should be used in consideration of comorbid diseases, drug interactions, contraindications, and the risk of side effects. Further research is needed on the long-term effects, safety, and combination of anti-obesity medications.
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###### 

Currently available anti-obesity medications: short-term use

  Drug             Action mechanism        Dosage           Adverse effect                                                                                                                                                             Contraindication                                                                                                                                                                      DEA schedule
  ---------------- ----------------------- ---------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------
  Phentermine      Sympathomimetic amine   15--37.5 mg qd   Headache, elevated blood pressure, elevated heart rate, insomnia, dry mouth, constipation, anxiety, palpitations, dyspnea, angina pectoris, syncope, severe hypertension   History of cardiovascular disease, hyperthyroidism, glaucoma, pregnancy, breastfeeding, history of drug abuse, concomitant MAOI (within 14 days), agitated states, hypersensitivity   IV
  Diethylpropion   Sympathomimetic amine   25 mg tid        IV                                                                                                                                                                                                                                                                                                                                                               
  Mazindol         Sympathomimetic amine   1 mg qd-tid      IV                                                                                                                                                                                                                                                                                                                                                               

Short-term medications are considered as a few weeks, usually up to 12 weeks.

DEA, Drug Enforcement Agency; qd, once a day; tid, three times a day; MAOI, monoamine oxidase inhibitor.

###### 

Currently used anti-obesity medications: long-term use

  Drug                                                  Action mechanism                                                                                  Dosage                 Adverse effect                                                                                                                                                                                                                                                                                 Contraindication                                                                                                                                                                                                 DEA schedule
  ----------------------------------------------------- ------------------------------------------------------------------------------------------------- ---------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------
  Orlistat                                              A reversible gastric and pancreatic lipase inhibitor that reduces the absorption of dietary fat   120 mg tid             Steatorrhea, fecal urgency, incontinence, flatulence, oily spotting, frequent bowel movements, abdominal pain, headache, severe liver injury, cholelithiasis, malabsorption of fat-soluble vitamin                                                                                             Pregnancy, breastfeeding, chronic malabsorption syndrome, cholestasis, oxalate nephrolithiasis                                                                                                                   None
  Lorcaserin[\*](#t2f1){ref-type="table-fn"} (Belviq)   5-HT2C receptor agonist                                                                           10 mg qd or bid        Headache, nausea, dizziness, fatigue, xerostomia, dry eye, constipation, diarrhea, back pain, nasopharyngitis, hyperprolactinemia, uncontrolled mood disorder, cognitive impairment, leukopenia                                                                                                Pregnancy, breastfeeding, serotonin syndrome or neuroleptic malignant syndrome                                                                                                                                   IV
  Naltrexone/bupropion (Contrave)                       Opioid antagonist/dopamine and norepinephrine reuptake inhibitor                                  8/90 mg qd-2T bid      Nausea, headache, insomnia, vomiting, constipation, diarrhea, dizziness, anxiety, xerostomia, cardiac arrhythmia, narrow-angle glaucoma, uncontrolled migraine disorder, generalized anxiety disorder, bipolar disorder, seizures (bupropion lowers seizure threshold)                         Pregnancy, breastfeeding, uncontrolled hypertension, seizure disorder, anorexia nervosa, bulimia nervosa, severe depression, drug or alcohol withdrawal, concomitant MAOI (within 14 days), chronic opioid use   None
  Liraglutide 3 mg (Saxenda)                            GLP-1 analog                                                                                      0.6--3.0 mg/day        Nausea, vomiting, diarrhea, constipation, headache, dyspepsia, increased heart rate, gastroparesis, pancreatitis, cholelithiasis, suicidal ideation and behavior, injection site reactions                                                                                                     Pregnancy, breastfeeding, personal or family history of medullary thyroid cancer or MEN2, pancreatitis, acute gallbladder disease                                                                                None
  Phentermine/topiramate (Qsymia)                       Sympathomimetic amine/antiepileptic drug                                                          3.75/23--15/92 mg qd   Headache, paresthesia, insomnia, decreased bicarbonate, xerostomia, constipation, anxiety, depression, cognitive impairment, dizziness, nausea, dysgeusia, tachyarrhythmia, seizure disorder, anxiety and panic attacks, nephrolithiasis, hyperchloremic metabolic acidosis, abuse potential   Pregnancy, breastfeeding (topiramate teratogenicity), hyperthyroidism, acute angle-closure glaucoma, concomitant MAOI use (within 14 days)                                                                       IV

^\*^Lorcaserin withdrawn from market due to cancer risk.

DEA, Drug Enforcement Agency; tid, three times a day; HT, hydroxytryptamine; qd, once a day; bid, twice a day; MAOI, monoamine oxidase inhibitor; GLP-1, glucagon-like peptide-1; MEN2, multiple endocrine neoplasia type 2.

###### 

Clinical trials for anti-obesity medications

  Clinical trial                                                              Orlistat        Lorcaserin[\*](#t3f1){ref-type="table-fn"}   Naltrexone/bupropion ER   Liraglutide     PHEN/TPM[†](#t3f1){ref-type="table-fn"} ER                                                                                                   
  --------------------------------------------------------------------------- --------------- -------------------------------------------- ------------------------- --------------- -------------------------------------------- --------------- --------------- --------------- --------------- --------------- --------------- -------------
  No. of participants (ITT-LOCF)                                              3,305           3,182                                        4,008                     604             1,742                                        1,496           793             3,731           422             1,361           1,230           2,487
  BMI (kg/m^2^), range                                                        ≥ 30            27--45                                       30--45                    27--45          30--45                                       30--45          30--45          ≥ 27            ≥ 27            ≥ 27            ≥ 35            27--45
  Age (yr), range                                                             30--60          18--65                                       18--65                    18--65          18--65                                       18--65          18--65          ≥ 18            ≥ 18            ≥ 18            18--70          18--70
  Comorbid condition (cardiovascular and metabolic)                           ≥1              ≥1                                           ≥1                        ≥1              ≥1                                           ≥1              ≥1              ≥1              ≥1              ≥1              ≥1              ≥2
  Mean weight loss (%) with treatment (maximal dose) vs. placebo              5.8 vs. 3.0     5.8 vs. 2.2                                  4.8 vs. 2.8               4.5 vs. 1.5     6.1 vs. 1.3                                  6.5 vs. 1.9     9.3 vs. 5.1     8.0 vs. 2.6     6.2 vs. 0.2     6.0 vs. 2.0     10.9 vs. 1.6    7.8 vs. 1.2
  Achieving rate ≥ 5% weight loss with treatment (maximal dose) vs. placebo   52.8 vs. 37.3   47.5 vs. 20.3                                47.2 vs. 25               37.5 vs. 16.1   48.0 vs. 16.0                                50.5 vs. 17.1   66.4 vs. 42.5   63.2 vs. 27.1   81.4 vs. 48.9   54.3 vs. 21.4   66.7 vs. 17.3   62 vs. 21
  Study completion rate, treatment (maximal dose) vs. placebo (%)             52 vs. 34       55.4 vs. 45.1                                57.2 vs. 52               66.0 vs. 62.1   50.8 vs. 49.9                                53.7 vs. 53.9   57.9 vs. 58.4   71.9 vs. 64.4   75 vs. 69.5     76.9 vs. 54.9   66.4 vs. 52.9   69 vs. 57

^\*^Lorcaserin withdrawn from market due to cancer risk; ^†^PHEN/TPM EQUIP (PHEN/TPM= 15/92 mg dose); CONQUER (PHEN/TPM= 7.5/46 mg dose).

ER, extended-release; XENDOS, Xenical in the prevention of diabetes in obese subjects; BLOOM, behavioral modification and lorcaserin for overweight and obesity management; BLOSSOM, behavioral modification and lorcaserin second study for obesity management behavior; BLOOM-DM, behavioral modification and lorcaserin for overweight and obesity management in diabetes mellitus; COR-I, the Contrave obesity research-I study; COR-II, the Contrave obesity research-II study; COR-BMOD, the Contrave obesity research-intensive behavior modification study; SCALE, satiety and clinical adiposity--liraglutide; EQUIP, controlled-release phentermine/topiramate in severely obese adults; CONQUER, effects of low-dose, controlled-release, phentermine plus topiramate combination on weight and associated comorbidities in overweight and obese adults; ITT-LOCF, intention to treat-last observation carried forward; BMI, body mass index.
